PULMONIC stenosis may be valvular, subvalvular, or both valvular and subvalvular. Although often occurring as an isolated defect, it may be associated with certain other intracardiac abnormalities. These several possible combinations of defects have resulted in difficulties of classification and in discrepancies of terminology.
DEFINITIONS
To a considerable degree, matters of classification and terminology are arbitrary, but it is important that all terms be clearly defined. The distinction between valvular pulmonic stenosis and subvalvular or infundibular pulmonic stenosis is now generally recognized.
In the tetralogy of Fallot, there is, in addition to pulmonic stenosis, a ventricular septal defect of a size that approximates that of the aortic orifice. At the opposite extreme is the heart in which there is pulmonic stenosis and an intact ventricular septum. Difficulty in classification is posed by the heart with pulmonic stenosis, but with a very small ventricular septal defect. Since patients with this combination seen at the Mayo Clinic have clinically resembled those patients with pulmonic stenosis and intact ventricular septum, it appears wise from a practical standpoint to classify these in the same group. They might be designated as having "pulmonic stenosis with essentially intact ventricular septum." Efforts to distinguish these hearts from those with so-called "tetralogy of Fallot" on the basis of the presence or absence of dextroposition of the aorta, or the nature of the pulmonic stenosis, have not been satisfactory. The present study deals with pulmonic stenosis either with an intact ventricular septum or with a very small ventricular septal defect. In this type of cardiac deformity there also may or may not be an interatrial communication that permits usually a right-to-left shunt, and less commonly a left-to-right shunt." 2 
CHARACTERISTICS OF THE PULMONIC STENOSIS
It is believed of primary importance to reemphasize that infundibular stenosis is frequently encountered in those patients having pulmonic stenosis with an intact ventricular septum. Previously, several reports3-6 have been made of patients having isolated valvular pulmonic stenosis and an intact ventricular septum, with the apparent exclusion of any such patients also having infundibular pulmonic stenosis. The misconception might thereby arise that in all such patients the pulmonic stenosis is exclusively valvular. On the other hand, even the nonsurgical literature reports an incidence of infundibular stenosis as high as 147 to 25 suggesting that time is required for the development of obstructing muscular hypertrophy of the infundibulum. This is again demonstrated by our series of patients operated on by the closed approach. As shown in table 1, the incidence of significant infundibular stenosis in addition to valvular stenosis increased from 22 per cent in children to 64 per cent in patients 15 years of age and older. Yet the infundibular stenosis encountered in this group of patients cannot be entirely the result of secondary muscular hypertrophy, for it may occur, as in cases 2 Small atrial septal defects, located in the foramen ovale, were present in 3 instances, and each was closed through an open right, atriotomy. Two patients hId a relatively large atrial septal defect, each of wvhich was similarly closed. In addition, 2 instances of a probepatent but valxvular-competent foramen ovale were noted but were not treated.
Very small ventricular septal defects wvere present, in 2 hearts; ill both of these the pulmonic stenosis was inifundibular, without valvular obstruction. In case 4, the defect lay just inferior to the infundibular stenosis, and in case 6, just, superior to it. Both ventricular septal defects were closed through the open right veiitriculotonmy.
Each of the 7 stenotic pulmonie valves could be precisely opened under direct vision. In 6 cases the valve wvas approached through an incision in the main pulmonary artery, as shown in the inset of figure 1. The I remaining stenotic valve was incised through the right ventriculotomy.
Resection of the infundibular stenosis under direct vision was performed in each case through a right ventriculotomy. Of extreme interest is the fact that during 2 of the 5 operations (cases 1 and 5) on hearts with associated infundibular and valvular stenosis, the presence of the infundibular stenosis was not suspected during the pulmonic valvotomy through the pulmonary artery. Only after normal blood flow through the heart and lungs had been resumed, a ad extracorporeal circulation had been discontinued, did measurements Atrial septal defects are closed through a right atriotomy. The stenotic pulmonic valve is repaired through an incision in the main pulmonary artery by radial incisions made with scissors to produce a tricuspid or bicuspid valve ( fig. 1 ).
Ordinarily infundibular stenosis mav be relieved simply by excision of redundant infundibular muscle and thickened endocardium with the scalpel and scissors. As in 1 instance in the series reported here, however, the insertion of an Ivalon prosthesis to relieve a high infundibular stenosis may be required.
There are, of course, many details that require attention in the operative and postoperative management of these patients, perhaps the most important of which are accurate blood replacement and frugality in the administration of fluids.
Discussiox
Three general types of surgical technic for the relief of pulmonic stenosis with intact ventricular septum are currently applicable, namely, an indirect approach, a direct approach with use of hypothermia, and a direct approach with use of extracorporeal circulation. The first utilizes an indirect or blind access to the valvular stenosis, either by way of the right ventricle as introduced by Brock22 and by Sellors, 23 or by way of the pulmonary artery as introduced by Pettersson.24 In our experience with this indirect procedure it has been particularly those patients exhibiting cyanosis preoperatively who have had the less satisfactory results. A mortality rate of 36 per cent of the 14 patients in the cyanotic group is compared to 0 per cent of the 18 in the acyanotic group. Even significant reduction of right ventricular pressures, wshich occurred in 7 of the 9 surviving cyanotic patients, resulted in a satisfactory relief* of cyanosis in only 3. For these reasons we have now abandoned the indirect approach to the pulmonary valve in patients who are cyanotic.
Swan and his associates6' 28 have presented their experience in which hypothermia and circulatory arrest are instituted to enable direct-vision valvuloplasty through a pulmonary arteriotomy. In their reported series, a "total cure" was accomplished in 11 of the 12 patients an excellent record.
An argument might be made against the use of hypothermia in the treatment of pulmonic stenosis, however, because satisfactory infundibular resection by this technic would seem both difficult and dangerous. Since, as shown, infundibular stenosis is frequently encountered in pulmonic stenosis with an intact ventricular septum and often cannot be accurately predicted preoperatively, one must accept the possibility of incomplete relief of pulmonic stenosis in this sizable group if the technic employing hypothermia is used.
It is true that in our experience and that of others, in some patients infundibular stenosis that was demonstrated at cardiac catheterization during the first few weeks after valvotomy regressed completely in the 12 to 18 months after operation. Nonetheless, there is evidence that severe residual infundibular stenosis adds to the hazards of the postoperative period, and it is on this account that one may have some concern as to the routine choice of hypothermia for the management of these cases.
The third approach to the surgical treatment of these patients utilizes extracorporeal circula-tion and any or all of ventriculotomy, atriotomy, and pulmonary arteriotomy, thus providing optimal conditions for restoration of normal anatomy.
For cyanosed patients with pulmonic stenosis and intact ventricular septum, it is our practice to use extracorporeal circulation, thus permitting closure of the atrial septal defect and repair of the pulmonic stenosis. Likewise, whenever the presence of infundibular stenosis is suspected from catheterization data or because of the empirical observation of its frequency of occurrence after childhood, extracorporeal circulation with open cardiotomy is selected. Only when valvular pulmonic stenosis is strongly suspected of being a truly isolated lesion is there some room for debate, in our opinion, in choosing between extracorporeal circulation, hypothermia, or a closed technic.
Further experience is necessary before final conclusions can be made on these matters.
SUMMARY
Pulmonic stenosis with presumably intact ventricular septum is frequently a complex abnormality, for the stenosis may be valvular or infundibular and may be associated with an atrial septal defect or even with a small ventricular septal defect.
The feasibility of complete correction of these several possible associated cardiac abnormalities, by means 
